Pathogenesis of the endometriosis is complex and the etiology is still unclear. The objective of this study was to examine that endometrial gene expression in late secretory phase endometrium differs between patients with and without endometriosis. Five patients with proven advanced-stage endometriosis and 5 controls underwent endometrial biopsy in the late secretory phase. Analysis of eutopic endometrial gene expression was performed using Affymetrix gene arrays and differentially expressed genes were assigned to gene ontology groups based on overrepresented analysis using Database for Annotation, Visualization, and Integrated Discovery software. Four hundred sixty two genes were identified as up-regulated such as matrix metalloproteinase 10, cytochrome P450 family 24 subfamily A polypeptide 1, matrix metalloproteinase 3, chemokine (C-C motif) ligand 20, Rho family GTPase 1, interleukin 1-beta, and insulin-like growth factor binding protein 1. Six hundred forty three genes were down-regulated in all endometriotic samples. A lot of genes related with metabolic process, cellular ketone metabolic process and ncRNA metabolic processing were included. Expression patterns of selected five genes were validated by quantitative real time PCR. The results of this analysis support that the eutopic endometrium from patients with advanced-stage endometriosis has distinct gene expression profile from eutopic endometrium of control without endometriosis.
Introduction
Endometriosis is defined as the presence of endometrial tissue outside the uterus, and this condition affects 6% -10% of women of reproductive age. Endometriosis causes diverse clinical manifestations including subfertility, pelvic pain, and dysmenorrhea, and has a significant detrimental impact on quality of life and work productivity [1] [2] . Although the etiology of endometriosis remains elusive, retrograde menstruation into the peritoneal cavity during menstruation is widely accepted as a major contributing factor in the pathogenesis of this disease. However, backflow of menstrual materials through the fallopian tubes into the pelvic cavity is a common phenomenon that occurs in up to 90% of menstruating women with patent fallopian tubes [3] . Therefore, it has yet to be determined why endometriosis affects only a certain group of women. Furthermore, this finding suggests that there may be immunological and genetic factors that determine a woman's susceptibility to endometriosis.
Endometriosis is a major cause of infertility and women with endometriosis are twice as likely to have infertility [4] [5] . The correlation between endometriosis and infertility has not been clearly verified; damage to the anatomical relationship between the ovaries and the fallopian tubes due to serious endometriosis may be strongly suspected as the cause of infertility, but the association of a mild condition of endometriosis that is not accompanied by such anatomical damage with infertility is very controversial. The above finding suggests that there are endometrial abnormalities that may obstruct embryo implantation, which may trigger infertility.
In the past, gene expression research was able to work on only one gene each time, but the introduction of DNA microarray technology enabled rapid and concurrent examination of mutual gene expression changes under different conditions and in different types of cells [6] . A recent report that compared gene expression patterns in the uterus linings of an endometriosis group and a control group without the disease presented that the expression of certain genes in the endometriosis group significantly decreased during the embryo implantation, which may disturb implantation and result in infertility [7] . It also added that the expression of other genes in the endometriosis group significantly increased during the embryo implantation and such increased expression may be associated with the onset of endometriosis. Further, there was research reporting that endometriosis patients had aberrant expressions of a certain gene associated with the generation of the disease and impact on the abdominal cavity and other tissues and that such patients' normal uterus linings may look histologically normal but were biochemically abnormal [8] [9] [10] . Based on the above research results, it is inferred that relative over-expression or under-expression of certain genes in endometriosis patients' uterus linings may generate the disease itself or hinder embryo implantation during the implantation period. This study intends to compare genes that show differences in expression in the normal uterine lining areas of an endometriosis group and in the uterine linings of a normal group 
Materials and Methods

Selection of the Subjects
Collection of Endometrial Tissue and RNA
A biopsy of endometrial tissue using the Wallace Endometrial Sampler or Novak
Curette was taken from the uterus base of the subject. The tissue was transferred to a 4˚C RNA later (10 µl/1 mg of tissue) and trizol reagent (Gibco) and 200 µl chloroform (Sigma) were added to it. They were well mixed. Then the solution was centrifuged at 4˚C at 12,000 rpm for 15 minutes. Only its clear upper layer fluid was collected and it was moved it to a new tube. It was well mixed with an equivalent amount of isopropanol (Sigma) and the solution was maintained in a fixed state for 10 minutes. Then it was recentrifuged at 4˚C at 12,000 rpm for 15 minutes. Its upper layer fluid was discarded and 1 ml 75% ethanol was added to 
Microarray and Data Analysis
Total RNA was separated from the endometrial tissue and both cDNA and cRNA were cleaned up. Hybridization, detection, and scanning were performed according to the company Affymetrix's standard protocol. The robust multi-array average method using Affymetrix's GeneChip ® Human Gene 1.0 ST array system was applied for data analysis. The raw intensity values were processed through background adjustment, normalization, and log2 transformation.
Among the standardized data that were p < 0.01 in the Student t-test, differentially expressed genes (DEG), defined to the standards of 1.5 fold changes and maximum expression levels at 6 or higher, in the endometriosis group and in the control group were analyzed.
A heat map that shows graphic information of the measured gene intensity values and a dendrogram that depicts the relationship between the groups were drawn. In order to differentiate similar patterns of gene expression, hierarchical clustering analysis was conducted according to the Ward-algorithmic method [11] [12] and the distances between each test group in expression degrees were calculated regarding expression degrees of DEG. Further, in order to assess the uncertainty in the hierarchical clustering analysis, the pvclust method was employed [13] ; each group's statistical significance standards were identified based on approximately unbiased (AU) p-value and bootstrap probability (BP) value.
Gene Oncology and Pathway Analysis
Genes that had differences in expression, as identified by the analysis of genetic chip data, were classified by their functions, and a functional annotation cluster of them was made using Database for Annotation, Visualization, and Integrated Discovery (DAVID) software (http://david.abcc.ncifcrf.gov/summary.jsp)
[14] [15] . Moreover, attempts to obtain more detailed visual information on pathways on which the genes acted were executed using the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway database connected with DAVID software.
Verification of Gene Expression Data
Genes with specific expression differences in the Affymetrix microarray analysis included CYP24A1 and MMP10, whose expressions have been known to increase in endometriosis patients by prior studies, GSTM5 and HOXA11, whose expressions have known to decrease in such patients by prior studies, and IGFBP1, whose results in this analysis conflicted with those from prior reports, were selected and their relative expressions were verified through quantitative real time polymerase chain reaction (PCR) using the ABI PRISM ® 7000 sequence detection system (SDS 7000, Perkin-Elmer Applied Biosystems, Lincoln, CA). As PCR master mix components, indicated end concentration 2.5 μl water, 2.5 μl forward primer (9 μM), reverse primer (9 μM), 2.5 μl probe (2.5 uM), and 12.5 μl TaqMan PCR 2x master mixture (applied biosystems) were prepared and 50 ng reverse transcribed total RNA in 5 μl was added as a PCR template. Table 2 shows the used PCR primer and probe.
After the initial activation of uracil-N-glycosylase at 50˚C for 2 minutes, Am- 
Results
Analysis of Gene Chip Data
In order to examine gene expression changes in relation to endometriosis, this study obtained the endometrial tissues of five endometriosis patients and five other patients with no endometriosis whose endometriums were in the late secretory phase. However, during Affymetrix GeneChip analysis, the array data of two patients that may be biological outliers were excluded and the endometrial tissues of the other three endometriosis patients and the control group were used.
The excluded two subjects' clinical characteristics (R2563 and R2857 in Table 1) were not obviously different from those of the other three endometriosis patients (Table 1 ) and such outliers were verified to be neither a byproduct of graphic results that were not corrected through the Ward-algorithmic and Pvclust me- 
Gene Ontology (GO) Analysis Result Using DAVID Software
Among the 462 genes whose expression increased by 1.5 fold or higher in the endometrium tissues of female patients who developed endometriosis compared to the control group, the GO group was selected; a biological process cluster consisting of 134 genes was selected. Annotation groups with great significance and high scored enrichment, characterized by their response to external stimulus, immune system process, positive regulation of cell motion, and angiogenesis, were observed (Table 3 ) and the part of the genes in this GO group whose expression increased are presented in Table 4 .
Among the 643 genes whose expression decreased by 1.5 fold or higher in endometrium tissues of female patients who developed endometriosis compared to (Table 5) and part of the genes in this GO group whose expression decreased are presented in Table 6 .
Pathway Analysis
Among the genes whose expression increased or decreased, a total of 21 Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways were identified (Table   7 ). In the case of the cytokine-cytokine receptor interaction pathway and the adipocyte signaling pathway, both genes with increased expression and decreased expression were denoted on a single map (Figure 2 ). CXCL1, TNFRSF21, TNFRSF12A, CSF1, CXCL2, TNFSF15, CCL8,  TNFRSF8, CX3CL1, TNFRSF11B, TNFRSF1B, IL23A, CCL20,  TNFRSF18, CSF3R, IL1B, CSF2RB, PRL, IL1A, IL2RA, IL8, OSM,  INHBA, IFNAR2, RELT, TNFRSF10D, 
Verification of Genes
Among the genes whose expression increased or decreased in endometriosis tissues, the expression patterns of five types of genes, MMP10, IGFBP1, CYP24A1, HOXA11 and GSTM5, were verified with the real time PCR method. The samples used here were the same ones used in the gene chip experiment. With 2-deltadeltaCt of the control group used in the gene chip experiment assumed as 1, fold changes in each endometriosis patient were identified.
The real time PCR expression of MMP10, IGFBP1, and CYP24A1 increased in all endometriosis patients, while that of GSTM5 decreased in all endometriosis patients. In the case of HOXA11, its expression in one patient did not decrease but the average value of the three patients showed an overall decreasing pattern CXCL: chemokine (C-X-C motif) ligand; IL-8: interleukin 8; CCL: chemokine (C-C motif) ligand; OSM: oncostatin M; CSF: colony stimulating factor; CSF3R: colony stimulating factor 3 receptor; CSF2RB: colony stimulating factor 2 receptor beta; IL2RA: interleukin 2 receptor alpha; TNF: tumor necrosis factor; TNFSF15: tumor necrosis factor superfamily member 15; SF1B: tumor necrosis factor superfamily member 1 B; IFNAR2: interferone alpha receptor 2; IL20RA: interleukin 20 receptor alpha; ACVR2: activin A receptor type II A, IIB. 
Discussion
Retrograde menstruation, coelomic epithelial cell metaplasia and lymphatic or vascular dissemination have all been put forward as possible hypotheses for the have also been found to be associated with endometriosis. However, the exact molecular mechanism of the development of endometriosis has not been elucidated.
It has recently been proposed that there are differences between the endometrial tissues of women with endometriosis and those of normal women, and these may be the cause of infertility in these patients.
This study used the Affymetrix GeneChip system, which prints the genetic information directly onto a chip by photolithography. Compared to the conventional spotted oligonucleotide microarray, it offers excellent reproducibility and high specificity and sensitivity, and has many advantages in quantitative analysis.
In a study on the molecular mechanism of implantation problem in endometriosis, Giudice et al. reported that the products of specific genes were significantly decreased in the endometriosis group compared to the control group in the "window of implantation", which corresponds to the middle period of the secretory stage of the endometrium [8] . These genes were integrin αv and β3, leukemia inhibitory factor (LIF), HOXA-10 and HOXA-11. These genes show increased expression in the secretory stage in normal patients and play a key role in the establishment and maintenance of embryo implantation. However, they show decreased expression in endometriosis patients and may cause infertility due to failed implantation.
Studies that compared the eutopic endometria of endometriosis patients with a normal control group are listed in Table 9 . Kao et al. used high-density oligonucleotide microarrays to search genes that showed different expression levels between these two groups in the implantation phase. They confirmed these differences through reverse transcriptase polymerase chain reaction, Northern blot and dot blot analyses. As a result, they found that some genes showed increased expression in the normal endometrium in the implantation phase, but showed significantly low expression in endometriosis and vice versa. Thus, they claimed that the expression levels of these specific genes in endometriosis patients could be the cause of implantation problems or endometriosis [7] . In 2005, Matsuzaki et al. compared the genetic expression of the epithelial and matrix cells of the endometrium of normal women to those of women with severe endometriosis by cDNA expression array. They reported that in the late secretory stage, the expression levels of genes related to two signal transduction paths significantly increased [17] .
The study by Chung et al. in 2007 is the only Korean study on the differences in gene expression in endometriosis and used the KNU 4.8 k cDNA chip. They reported that genes associated with energy production, metabolism and signal transduction showed higher expression levels in endometriosis patients than in the control group and genes associated with the composition and function of the extracellular matrix showed lower expression levels. However, this study measured the expression level of a very small number of genes: 4 genes that showed increased expression and 1 gene that showed decreased expression in the late secretory stage. It is difficult from this result to determine whether endometriosis patients have significantly different expression profiles in the late secretory stage compared to the control group [18] .
In 2008, Sherwin et al. used a custom made array to analyze the genetic expression profile in the endometrial tissues in the late secretory stage of 8 endometriosis patients (4 in minimal/mild stage and 4 in moderate/severe stage) and 6 control subjects. They found 8 genes that showed increased expression and 1 gene that showed decreased expression. They concluded that as there were no transcripts distinguishing between the minimal/mild stage and the moderate/severe stage, this did not provide a theoretical basis for the minimal invasive theory of endometriosis [19] . The present study found that in late stage endometriosis patients, the expression of 462 genes significantly increased, whereas the expression of 643 genes decreased. The genes that showed greatest increased expression levels in the endometrial tissues of women with endometriosis compared to the control group were matrix metalloproteinase 10 (MMP10), cytochrome P450 family 24 subfamily A polypeptide 1 (CYP24A1), matrix metalloproteinase 3 (MMP3), chemokine (C-C motif) ligand 20 (CCL20), Rho family GTPase 1 (RND1), interleukin 1-beta (IL1B), and insulin-like growth factor binding protein 1 (IGFBP1). The ectopic endometrium is known to be resistant to apoptosis. When exposed to the intra-abdominal environment, genes related to anti-apoptosis such as interleukin 1-beta (IL1B) and tumor necrosis factor alpha-induced protein 3 (TNFAIP3)
increase to improve cell survival. The expression of genes related to chemokine activity and cytokine activity, as well as those related to the NF-kappa combination also increase, and this implies that defects in inflammatory response and signal transduction are involved in the pathogenesis of endometriosis.
IGFBP-1 is known to be a marker that is sensitive to the decidualization of matrix cells. In a study, the expression of IGFBP-1 in the endometrium of women with endometriosis in the window of implantation (middle of secretory stage) was compared to that of the control group [28] . However, it was only in the late secretory stage that expression was found to increase. In a study using immunocytochemistry and functional bioassay, Klemmt et al. reported that IGFBP-1 secreted from endometrial matrix fibroblasts cultured from women with endometriosis was decreased relative to normal women [29] . This may be associated with loss of endometrial differentiation capacity and could affect the proliferation and survival ability of endometrial cells in the heterotopic environment. Although this study has the limitation that progesterone was not used to induce decidualization and the cells were randomly obtained in various phases of the menstrual cycle, this finding suggests that the decidualization signal transduction system and endometrial receptivity could be affected in these patients. Kim Previously, it had been reported that IGFBP1 was expressed in the endometrium in the late secretory stage [31] and that baboons with induced endometriosis showed this phenotype rather than the phenotype of the middle secretory stage [32] . These results agree with the findings of this study that the expression of IGFBP1 in both the genetic chip analysis and quantitative real time PCR increased in the late secretory phase of the endometriosis patient group. It is not easy to understand the relationship of IGFBP1 to the receptivity of the endometrium, as this mechanism has not been clearly investigated. However, we can imply from these results that IGFBP1 could enter the abdominal cavity by retro- gene, and it was found that they agreed with the results of the genetic chips in this study. As a high number of target groups would improve the power of study results and decrease the false discovery rate [35] , the use of a relatively small number of samples in the microarray could be a limitation of this study. However, the significance is sufficient, considering that the existing studies on endometriosis patients experimented with similar sample sizes.
According to a recent review article, the inflammatory nature of endometriosis, accompanied by excess estrogen action, leads to a constellation of changes in the eutopic endometrium that interferes with normal embryo implantation.
Also Signaling pathways associated with proliferation and cell survival are activated in endometriosis, and antiproliferative progesterone pathways are turned off [36] . Although endometrial receptivity is not impaired in women with endometriosis when healthy embryos reach the endometrial cavity [37] , it seems clear that the eutopic endometrium of women with endometriosis biologically affect endometrial receptivity based on our results.
Furthermore, whereas existing studies compared the groups mainly in the implantation phase, focusing on infertility due to embryo implantation defects, this study used a high-density oligonucleotide microarray which can objectively analyze the pathogenesis of endometriosis and a large number of genes related to the pathophysiology in the late secretory stage which is presumed to be close to the time of retrograde menstruation.
The question still remains whether the interactions or differences between genes that show increased or decreased expression is the cause or result of endometriosis, and so studies are required to compare the genetic expression in each subdivided phase of menstrual cycle and which use more diverse bioinformatics. However, the confirmation of the existence of pathophysiologically meaningful genes in patients with endometriosis through microarray analysis both broadens our understanding of the pathogenesis of endometriosis and assists the development of noninvasive diagnosis techniques and new approaches to therapy.
